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GALBRAITH, MAYHEW, SUGiAR AND ROE (1963) found a two-fold variation in
the mean cytoplasmic solid concentration ofuntreated Landschutz ascites tumour
cells. Further experiments were undertaken in which the cytoplasmic solid
concentration of numbers of individual cells were calculated instead of the mean
and standard deviation of a large sample. The experiments were designed to
show whether any changes occurred in the cytoplasmic solid concentration during
the growth of the tumour from the time of inoculation until the death of the
animals, or at different times of the day. Malmgren, Sylven and Revesz (1955)
and Ledoux and Revell (1955) showed in biochemical studies that there was an
increase in protein content per cell during the growth of an ascites tumour.
Experimentswere alsoperformedto determine anychangesinmitoticfrequency
with time after tumour inoculation. There have been reports that tumours do
(Voutilainen, 1953; Echave Llanos and Badra, 1963) and do not (Bertalanffy and
Lau, 1962a; Bertalanffy, 1963) show rhythms in the number ofcells reaching and
passing through mitosis.
MATERIALS AND METHODS
Mice
Chester Beatty strain B alb male mice were used throughout. They were
boxed in batches of 5 and only disturbed for cleaning and feeding, or removed for
injection. The cycle of light and darkness experienced by the mice was not
specifically controlled, but they were in darkness from approximately 6.00 p.m. to
8.00 a.m.
Landschfitz ascites tumour
This tumour arose as a sub-line of the hyperdiploid Ehrlich ascites tumour
(Tjio and Levan, 1954) and is an extremely well separated ascites tumour with
verylittle clumping ofthe cells. Infiltration oftheperitonealliningbythetumour
cells does not occur until 4 to 5 days after tumour inoculation. The mean time of
survival of the mice after inoculation of 2 x 106 viable tumour cells is approxi-
mately 19 days (Koller and Veronesi, 1956).
Measurement ofcytoplasmic solid concentration
Tumour cell samples were extracted from tumour-bearing animals from 1-20
days after the inoculation of 2.8 x 106 viable tumour cells/mouse, both in the
morning (10.00 a.m.) and in the afternoon (4.00 p.m.). Measurements of the
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determine the cytoplasmic refractive index and thus the cytoplasmic solid con-
centration. The technique ofmeasurement has been described earlier (Galbraith,
Mayhew, SugarandRoe, 1963). Intheexperimentsreportedhere, the cytoplasmic
solid concentration was individually determined for each cell. No animal was
used more than once, as it was thought that extraction might itself produce
changes in the remaining tumour, due to shock, inflammation or drop in pressure
in the peritoneal cavity.
Measurement of the number ofcells in mitosis
Samples of the cell populations which were used for the interference micros-
copy were also stained with aceto-orcein. Counts of the percentages of cells in
prophase, metaphase, anaphase, telophase and interphase stages were made,
taking 2000 or 3000 cells from each animal.
Meas8urements of the number of cells starting mitotic division
Mice were inoculated with 3-2 x 106 ascites tumour cells/mouse. At 10.00
a.m. daily from 1-17 days after tumour inoculation, batches of 5 were injected
intraperitoneally with 2-0 mg./kg. body weight each of colchicine dissolved in
sterile distilled water. It was found, in preliminary experiments, that this dose
induced the maximum number of cells to appear in the metaphase stage 6-12
hours after treatment. Tumour cells were removed exactly 6 hours after treat-
ment with colchicine and stained with aceto-orcein. Two thousand cells from
each mouse were counted to determine the number of dividing cells present.
Almost all ofthese were in metaphase stage, with a few in prophase stage, but no
anaphase or telophase stages. This count therefore gave the percentage of cells
in the tumourwhich had started division from interphase stage during the 6 hours'
treatment. This will in future be referred to as the colchicine count.
In a separate series of mice inoculated with 5-0 x 106 cells/mouse, colchicine
was injected at intervals of 6 hours from 0-30 hours after tumour inoculation into
batches of 5 mice at each time. As before, samples were extracted 6 hours later
and the percentage of dividing cells found. In another series, 7 days after the
inoculation of 3-6 x 106 tumour cells/mouse, the colchicine was injected at inter-
vals of 6 hours for 36 hours into batches of 5 mice at a time. Similarly in another
series, 8 days after the inoculation of 4-8 x 106 tumour cells/mouse, the colchicine
was injected at intervals of 6 hours for 24 hours.
Total tumour cell counts
Total tumour cell counts were made on batches of 5 mice at 30 hours and at 4,
7 and 14 days after the inoculation of 5.0 x 106 cells/mouse. This was achieved
by killing the mice, rinsing the peritoneal cavity repeatedly with isotonic saline,
andcountingthenumberofcells/ml.presentusingaBurkerhaemocytometer. From
this the total number of tumour cells/mouse could be calculated.
Total body weights
Eight mice were each inoculated with 5-6 x 106 ascites tumour cells and were
weighed daily (10.00 a.m.) until death. Also, 10 control animals were weighed
each day at the same time to check any fluctuations caused by changes in feeding,
etc.
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RESULTS
CytoplasMic solid concentration
The results obtained for the cytoplasmic solid concentrations were plotted as
histograms (Fig. 1). Fourgroups are shown, i.e. measurements taken at 10.00 a.m.
and 4.00 p.m. for tumours 1-9 days old and for 10 day and older tumours. The
histograms ofthe measurements taken at 10.00 a.m. show anunimodal distribution
with a mode of 16-20% solid concentration. The unimodal distribution is more
marked in older tumours. The histograms show that in old tumours, 10-20 days
after inoculation, there are smaller numbers of cells with low cytoplasmic solid
1-9 days after tumour inoculation
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FIG. 1.-Distribution histograms of the solid concentration of the cytoplasm, for tumours 1-9 and
10-20 days old, extracted at 10.00 a.m. and 4.00 p.m.
concentrations. This is also seen in the histograms ofthe measurements taken at
4.00 p.m., though the effect is less marked. The histograms ofthe measurements
taken at 4.00 p.m. show a marked bimodal distribution in young tumours, the
modes being 8-12 % and 22-26 %. The dip in the bimodal pattern coincides
approximately with the peak ofthe distributions for the 10.00 a.m. results; ifthe
results for 10.00 a.m. and 4.00 p.m. were to be plotted together then the bimodal
pattern would be obscured and an unimodal pattern would result. Old tumours
do not show a clear unimodal or bimodal distribution at 4.00 p.m. It can be seen
that there is a large range in mean cytoplasmic solid concentrations. Ross (1961)
found by immersion refractometry that Landschutz ascites tumour cells have a
mean cytoplasmic solid concentration of 14%, which is lower than the results
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obtained in the present experiments. However, the results are not strictly com-
parable, beingobtainedbyverydifferenttechniques, andthe cellsbeingsurrounded
by different media.
Cells in mitotic division
Fig. 2 shows the percentage of ascites tumour cells in each stage of mitosis,
and the total number in mitosis, against the age ofthe tumour, anaphase and telo-
phase stages being taken together. It can be seen that the mitotic index, after
I .I
0/0
cells I.
in
division
o- o Metaphase
*-o Prophase
a---a Anaphase & Telophase
Il-lO Total
Days after tumour inoculation
FIa. 2.-Percentage of cells in different stages of mitosis, and the total percentage of dividing cells,
against age of the tumour in days
rising to about 1*8 % 4 days after tumour inoculation, then drops gradually to half
this value. Ledoux and Revell (1955) have also shown these changes. Most of
this change in mitotic index is caused by the drop in numbers of metaphases.
These curves are daily means. The mean 10.00 a.m. and 4.00 p.m. figures are
given below, taking all ages of tumour together.
Mean mitotic index
0.93%
1.13%
Number ofcells
counted
33,000
26,000
The x2 test gives 0*02 > P > 0*01, which indicates that the mitotic index is
higher in the afternoon to a moderate level of significance.
Time
10.00 a.m.
4.00 p.m.
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Mitotic counts after colchicine treatment
Fig. 3 shows thepercentage ofcells foundindivision attimes ofextraction upto
17 days, in 4 different experiments. Each percentager efers to the number ofcells
entering mitosis in the previous 6 hours, during which the tumour was under the
influence ofcolchicine. There is an initial sharp rise in the percentage ofarrested
metaphase stages to nearly 30% after 24 hours, followed by a drop to about 5%
on the 5th day after inoculation. Then the percentage rises to about 14% on the
7th-8th day, thereafter falling slowly to around 2 %. There is reasonably close
agreement between the experiments, bearing in mind that only readings taken at
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FIG. 3.-Percentage ofcells in division after 6hours colchicine treatment, against age ofthe tumour in
days. Four experiments.
the same time of day may be compared. Changes during the course of a day are
due to the progressive change in the percentage superimposed on whatever diurnal
rhythm is present. Owing totherapid changes inthevalues obtained bysampling
at 24 hourintervals, diurnal rhythm is not provedfrom the colchicine counts alone.
Total body weights
Fig. 4shows the meanweight oftumour-bearing animalsminusthe meanweight
of control animals, against time in days. The curve is a measure ofthe growth of
the tumour, uninfluenced by growth ofthe mice and changes in their diet, which is
slightly different each day of the week, giving rise to a small 7-day periodicity of
the weight ofthe mice. Fig. 4 shows that the tumour causes no change in weight
until the 4th or 5th day, after which there is a steady increase ofabout 0 9 g./day/
mouse.
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FIG. 4.-Difference between mean weight of tumour-bearing mice and mean weight of control mice,
against age ofthe tumour in days
Total tumour cell counts
Fig. 5 and 6 show the mean number of ascites cells/tumour at various times
after inoculation. Each value is the mean obtained from 5 mice, with the excep-
tion of day 0, which is the number of cells in the original inoculum.
Cell population calculations
From the counts ofmitoses after colchicine treatment forthe first 36hours after
tumour inoculation, together with a knowledge ofthe number of cells in the inoc-
culum, the total number ofcells in the tumour at times up to 36 hours aftertumour
inoculation can be calculated. If the total number of cells at time T is XT and
6 hours earlier isX,, and ifthe percentage ofcolchicine metaphases at time T after
6 hours colchicine treatment is c, then
XT =Xt X ( + 1
Since the value ofc is known for various times, and also the number ofcells in
the original inoculum, an iterative calculation gives a value for the total number
of tumour cells at any time. This can be compared with the total tumour cell
counts (Fig. 5). In the same way, the total number of tumour cells can be
calculated at various times up to 16 days after tumour inoculation, by making the
additional assumption that the percentage of colchicine metaphases found at
4.00 p.m. is representative for the whole day. The results may again be compared
608LANDSCHUTZ ASCITES TUMOUR CELIS
with the actual total tumour cell counts (Fig. 6). It will be seen that in both cases
the calculated points are significantly low at comparable times (P < 0.05).
DISCUSSION
The comparison between the observed total number of tumour cells and the
number calculated from the percentage of colchicine metaphases shows a large
discrepancy, the latter figures being too low. This indicates that colchicine, in
addition to its ability to arrest initiated mitoses, also reduces the percentages of
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FIG. 5.-Calculated and measured number of cells per tumour, log scale, against age of the tumour in
hours.
cells entering mitosis. Tennant and Liebow (1940) found that colchicine had this
effect, even in very low doses, on cultured mouse mammary carcinoma cells.
However, in more recent experiments Bertallanffy and Lau (1962b) reported that
colchicine did not cause any reduction in the number of epithelial cells reaching
prophase. McMinn (1958) found that colchicine stimulated dog intestinal epi-
thelium to division, whereas in the same tissue of the cat doses above a critical
level seemed to inhibit the cells from entering prophase. An ascites tumour such
asthe one usedinthese experiments, whichhaswell separated cells, isin someways
more similar to a tissue culture than to a tissue in vivo. Thus the results reported
here suggest that colchicine counts should not be regarded as having absolute
validity for this ascites tumour, but that comparison of the counts at different
609W. GALBRAITH AND E. MAYHEW
times will effectively show the variations in mitotic activity. The initial rise in
percentage ofdividing cells is to be expected, and is probably due to the change in
environment on transplantation. The subsequent drop at 4-5 days is perhaps an
immune response by the mouse which is overcome and gives rise to the secondary
increase at 7-8 days. Thereafter the percentage ofdividing cells drops again as a
consequence ofovercrowding. The tumour weight curve agrees with this scheme.
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FIG. 6.-Calculated and measured number of cells per tumour, log scale, against age ofthe tumour in
days.
The total tumour cells counts when plotted show two stages, before and after
5 days, ineach ofwhichthe totalincrease innumber ofcells is approximately linear
with time. These are total cell increases, indicating a progressive fall off in the
percentage increase, as seen in Fig. 3. This pattern again agrees well with the
double peak of the colchicine counts. In the same way, the increase in tumour
weight is also linear with time after 5 days, (Fig. 4.)
It will be noted that between young and old tumours there is a ten-fold varia-
tion inthe percentage ofcolchicine metaphases, but only atwo-foldvariation inthe
mitotic index (Fig. 2). Bearing in mind that the colchicine count is a measure of
the percentage of cells entering mitosis in 6 hours, while the mitotic index is the
percentage actually in division at a given time, this indicates that the cells take
longer to complete mitosis in an old tumour.
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The doubling time for the tumour, the time for the tumour to double its total
number ofcells, steadily increases from 12 hours for a 1 day old tumour to approxi-
mately 5-5 daysfor a 7-14 dayoldtumour. Edwards et al. (1960) found adoubling
time of 18 hours in young populations ofthe related Ehrlich ascites tumour, while
Klein and Reve'sz (1953) found that the mean generation times of two ascites
tumours increased with the age of the tumour. Hauschka, Grinell, Revesz and
Klein (1957) reported similar results.
The colchicine counts taken every 6hours suggestthatthereis a diurnalrhythm
in the number of cells entering mitosis, but from these data alone rhythm
is not certain, as it is obscured by the progressive changes in the number of cells
entering division (shown by the colchicine counts every 24 hours for 17 days).
The mitotic index counts show a significant diurnal rhythm (0.02 > P > 0.01).
It is known that DNA synthesis occurs in interphase (Bullough, 1963). RNA
and protein synthesis in turn depend on DNA synthesis. Cytoplasmic protein is
the main constituent revealed by cytoplasmic refractive index measurements
(Davies, 1958), andhere again diurnal rhythm is showninthe present experiments.
The present studies show that the mitotic index is higher at 4.00 p.m. in this
tumour, and at this time in the young tumours the cytoplasmic solid concentration
shows a bimodal pattern whose two peaks suggest cells in the pre- and post-
division states. It is not suggested that there is an exact synchrony of cell
division. At 10.00 a.m. the young tumours show an unimodal pattern of cyto-
plasmic solid concentration whose wide spread may indicate different stages of
protein synthesis during interphase.
From 10-20 days of tumour age, when the colchicine counts show that the
tumour is multiplying slowly, the cytoplasmic solid concentration at 4.00 p.m.
shows no bimodality, for it is obscured by the greater proportion of interphase
cells. However at 10.00 a.m. the unimodal pattern is even more marked with a
smaller spreadthanthatfortheyoungtumours, sincemore ofthe oldertumourcells
are in a steady interphase stage and not synthesizing protein very actively.
It is seen, therefore, that this tumour undergoes diurnal rhythm both in cyto-
plasmic solid concentration and in mitotic index. If the possibility of such
rhythms is not considered misleading results may be obtained in biological or
biochemical experiments. There is also the possibility that treatment oftumours
mayhave different effects depending onthe time ofday atwhichit is administered.
It is probable that different animal room conditions account for the conflicting
reports onthe presence or absence ofmitoticrhythmsintumours. EchavesLlanos
and Badra (1963) have given evidence that mitotic rhythms in tumours are
controlled by the light cycle.
SUMMARY
The Landschiitz ascites tumour shows two distinct phases of growth, with a
growth minimum at around 5 days. The tumour also shows diurnal rhythm,
both in mitosis and in cytoplasmic solid concentration. As the tumour ages,
mitosis takes longer and the time for the total number of tumour cells to double
increases.
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